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Military Personnel Selection and Diagnostic Control
of Human Functional State in High Altitude Conditions

by Mahnovsky V. P.

International University of Kyrgyzstan,
255 Chui Prospect, Rm.#105,

Bishkek 720001,
Kyrgyz Republic

Abstract. In the paper the initial attempts and modem approach to the evaluation of individual
resistance to high altitude hypoxia in the human organism are reviewed. It is presented a big
informative material about using Valsalva maneuver and its modified versions (Burger probe, Flack
test, etc.) for a diagnostic estimation of cardiovascular function in the different areas of public
medicine and applied human physiology. Specific role is attached use of dosed version of Flack test
with 50 sec. duration of strain (DFT) for prognostic evaluation of functional opportunities of the
human cardiovascular system, its adaptive potential and regulative functions in high altitude
conditions. Clinical observations performed during acute period of adaptation of selected individuals
to altitude of 3600 meters demonstrated an 80%-level of verification of the results of this prognosis.
Method of military contingent selection and control procedures for healthy service at frontier posts
in high mountains of Tien Shan and Pamir are described. It was shown that exemption of people
with low resistance to hypoxia (by the results of preliminary selection with the DFT) from military
service in mountain regions of Tien-Shan and Pamirs has allowed researches to bring down the
morbidity among frontier-guards at high altitude frontier posts by more than 18%; to reduce the
number of severe high altitude disadaptations from 70-75 to 35 cases per year; and practically to
avoid lethal consequences of severe mountain disease.

Key words: Dosed Flack Test, Straining, Hypoxic Resistance, Adaptation, High Altitude,
Cardiovascular System.

1. Background: initial attempts and modern approach to the evaluation of
individual resistance to high altitude hypoxia in the human organism.

Development of disadaptive forms of high altitude pathology with military personnel sent to
mountains, behavioral and psychological incompatibility among the personnel do great harm to the human
health, to his ability to work and cause large social and economic losses. This means that when forming
military units including border guards to serve at high altitude, it is extremely important to reveal
individuals who have high possibility to get "adaptation" sicknesses.

To diagnose correctly, to predict and, finally to prevent situations which are dangerous to human
health is an important problem requiring an immediate solution.

An important component for ensuring the successful resolution of this problem is to select military
service personnel by means of a scientific process, in which adaptability to high altitude environments is
considered. The qualitative and purposeful selection of the recruits for a service in high mountainous
regions largely prevents the development of the disadaptive phenomena, reduces the probability of high
mountainous forms of pathology originating. It is necessary to mention that the first attempts to select
soldiers resistant to high mountainous hypoxia were undertaken by the Russian doctors at the end of the last
century.

When considering the early research on two subjects, the works of Tretyakov, N.N. [1897] should be
emphasized. Tretyakov's research noted, that the development of symptoms of mountain illness is exhibited
by military service men in different degrees, and that at an altitude of 3000-4000 m, they lose ability to
execute any activity. Tretyakov, based on his observations, has raised a question about the necessity of
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individual selection of military service men for service in high altitude regions. He offered method of
selection, which envisaged that before dislocation of a military unit in mountains, the special functional test
should be conducted as though, permitting to reveal weak and low resistant soldiers unable to serve in high
altitude conditions. Tretyakov offered to conduct the tests with considerable physical exercises in conditions
of normal barometric pressure, i.e. on the plain. He wrote that a selection conducted by forcing soldiers to
run two Russian versts (3500 English feet), chasing each other, and determining who lagged behind, was
subject to faint in vomiting etc., or had a pulse so weak, that it could not be counted, were recognized as not
being fit. Tretyakov, observing the condition of soldiers after they had been transferred to the mountains,
noticed that the soldiers who more likely to be subjected to "attacks of mountain sickness" were those who
already were physically weak or elderly. However, such a method of selection still could not prevent the
progress of many of the symptoms of mountain sickness and could not ensure the keeping of a rather high
level of fighting efficiency of the soldiers, in case of climbing to an altitude of 4000-5000 m.

In military medicine in the Soviet period, great attention was given to ensuring the fighting
efficiency of soldiers in high altitude conditions. Complex expeditions to study the progress of mountain
sickness were carried out, and measures for preventive maintenance of acute mountain sickness were
developed. In particular, research of Solovjev, V.K. [1934] indicated that physically strong soldiers with
good cordial activity should be allowed to work and serve. The author highlights, that with all other
conditions being equal, humans with small, but so-called, "steel muscle" will have an advantage over
humans with large, massive muscles requiring plenty of oxygen. At the same time, research on interrelation
between deterioration of oxygen transport in conditions of high altitude hypoxia and physical state of an
organism has shown, that even for well trained athletes to endure high altitude can be much greater obstacle
than for people who do not go in for sports [J. Dempsey, 1986; R.J. Shephard et al. 1988].

Real scientific development of tests permitting evaluation of human endurance of oxygen deficiency
begins in 30s - 40s years of our century in the period of rapid development of aviation and high altitude
flights. During these years scientists recognized that a pressure chamber could be used to evaluate
individual reactions to hypoxic hypoxia and to increase pilots' resistance to it, especially for those who
reacted most poorly to a lack of oxygen [P.I. Egorov, 1937; V.V. Strelcov, 1938, 1945; A.M. Apollonov and
V.G. Mirolubov, 1988].

Unlike Soviet researchers who showed the principal possibility to increase quickly the pilots'
resistance to high altitude hypoxia during ascent in the low-pressure chamber, Western scientists used
pressure chamber tests for the purposes of medical examination to select candidates for flight personnel.

Due to empirical observations and accumulated scientific data, it has become possible to proceed
from a simple ascertaining of one or another human functional state to scientifically grounded evaluations of
a person's possible state in the future under the influence of unfavorable environmental factors. And, on this
prognostic basis, to develop principal concepts and methods of selecting people, who would have a high
probability of keeping their working capacity in certain professional or ecological conditions.

Research in the field of personnel selection and forecasting of working capacity are practically
impossible without a preliminary evaluation of the functional systems of an organism and its potential
ability to adapt to extreme conditions of an environment. In many respects, this research depends on the
elaboration of adequate methods of prognosis, permitting, in usual conditions, to determine degree of
stability and a probable level of working capacity of the individual when transferred to unusual conditions,
for example, under the adaptation in mountains.

The literature on the functioning of the human organism in extreme conditions, and, in particular, the
literature on hypobaric hypoxia, shows that the majority of the researchers are inclined to study the
physiologic deflections of an organism in dynamics to the influence of the hypoxic loading tests. The
specialist's efforts are aimed at clarifying the range of physiologic standards on separate parameters of the
organism, defining reactions to different systems, searching for additional signs describing probe endurance.
Such an approach allows researchers to judge with a certain degree of reliability, the level of functioning of
this or that physiologic system of an organism, to determine the volume of reserve capabilities and, finally,
to have a picture about the adaptive capability of the individual to extreme factors. Adaptive capability is
the final link leading to prognosis, and its correct and concrete definition will determine whether the
prognosis will be long-term or short-term. That is why modem prognostic diagnosis is based on an
evaluation of the degree of human adaptive capability which first of all is understood as an adequate level of
functioning of physiologic systems in the changed conditions [V.P. Kaznacheev et al., 1980]. Individual
human qualities, on the whole, reflected in concepts, such as working capacity, endurance and adaptive
capability. According to the opinion of Imangulov, R.G. [1982], these concepts and the human conditions,
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expressed by them, are closely interconnected and are a reference point for the fighting capacity of military
service men. Through determining the state of the physiologic, psychophysiologic and mental functions of a
person, it is possible to estimate the informative and motivate maintenance of learn-fighting activity of the
experts, the range of adaptive-compensatory opportunities of the person and to predict fighting capacity of
the military men during the learn-fighting preparations.

From the physiologic point of view, the success of adaptation, its completeness and resistance are
determined by a range of adaptive and compensatory mechanisms, by the level of physiologic reserves of
the person [A.S. Solodkov, 1982; A.A. Aidaraliev et al., 1988]. Use of the reserving opportunities is based
on the coordinated reactions of separate bodies and systems, which change in unequal ways, but as a whole,
provide optimum functioning for the organism as a single unit. The physiologic reserves, as Brestkin, M. P.
[1958] remarked, are provided with certain anatomical, physiologic and functional features of structure and
activity of the organism, significant intensification of heart activity, increase of the general intensity of
blood flow, pulmonary ventilation, high resistance of cells and tissues to various external influences and
internal changes in the conditions of their functioning.

Though the physiologic reserves of an organism are individual and are largely determined by
hereditary features, they can, in a sufficient degree, be changed under the influence of external
environmental conditions. So, during the development of condition of acquired adaptation reserve abilities
of an organism can rise both at the expense of increasing contours of the maximal intensification of
functional activity of physiologic systems, and at the expense of contours reducing the basal level of
activity [G. M. Yakovlev et al., 1990]. The authors note that in the first case the adaptive ability of an
organism to achieve a marginal level is caused by both its inborn and gained features.

A specific method of revealing of human individual resistance to hypoxic hypoxia is a pressure
chamber test. Along with that, the faster and more expressive mechanisms of protection from hypoxia are
in a human, the higher is his ability to adapt [V.I. Medvedev, 1982]. The prognosis is usually based on
distinctions in the condition of a number of systems, mainly vegetative, immediately after climbing and
after one-hour stay at the higher altitude. According to the opinion of Asyamolova, N. and Malkin, V.B.
[1968], a test in a pressure chamber at an altitude of 5000 m. reveals the individual features of adaptive
reactions of blood circulation. The USA and Germany, on the other hand, use ascent in a pressure chamber
to 7500 m to test individual reactions to hypoxia.

It is necessary to emphasize that there is no direct correlation between resistance to acute hypoxic
hypoxia (ascent in the pressure chamber) and chronic high mountainous hypoxia. So, the research of
Malkin, V. B. [1968] shows that people who have extremely low sensitivity to acute hypoxia and who have
experienced conditions of collapse, sharp bradycardia during the ascent in a barometric camera, and who
preserved for a long time (up to 30 days) high mountainous resistance to the chronic influence of alpine
environmental factors during transfer to mountains and climbing.

In sport activities dosed standard exercises are used for evaluation of physiologic reserve (Letunov
tests, step tests modifications, velo-ergometria, treadmill and treadbane), [V.P. Zagryadski and Z.K.
Sulimo-Samuillo, 1976; A.S. Mozjuhin, 1982; V.L. Karpman et al., 1988], moreover the level of reserve
capabilities may be judged first of all by parameters of the function of cardiovascular and respiratory
systems, and the volume of gas exchange [A.S. Solodkov, 1982].

The research of Mirrahimov, M.M. et al. [1983] showed that during the study of organism's response
reactions to various exercises (Harvard's step-test, standard veloergometric exercise with the power of 900
kgm/min during 6 minutes, running to various distances) for a large group of the examinees the best kind of
exercises for evaluation of a person's functional state is a method of standard veloergometria.

The choice of an optimum exercises was conducted at sea level where the examinees were asked to do
exercises listed above: the volunteers were subdivided into groups of "strong" or "weak", depending on their
performance on these tests. Then the volunteers were moved to high mountains at 2900 in., from this height
they climbed to the altitude of 3870 m. where they made various kinds of activities. During the research it
turned out that part of the examinees were not able to complete physical activities. Based on the results of
endurance of climbing to an altitude of 3870 m, on endurance of veloergometric exercises, on research of
the objective status (along with attention to clinical symptoms and to complaints of the examinees), a group
of persons who endured very badly the transfer to mountains was chosen. It is interesting that the considered
group, in conditions of foothills, had shown the worst results of the loads endurance. Only three persons
referred by the author in foothills to the "weak" group satisfactorily endured exercises at altitude. From 17
persons who were chosen in this group, on the third day of adaptation to high altitude conditions there
remained 13, as the four were sent to foothills. From the rest, the three persons were dismissed from
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exercises right up to the 45th day of stay in mountains, as on an electrocardiogram they revealed symptoms
of hypoxia of the myocardium, overload of right ventricle and sinus tachycardia. As the authors determined,
under such a submaximum veloergometric load, the most expressed mobilization of physiologic functions
happens: it is rather great to mobilize reserve, and, at the same time, not so hard to take out an adaptive
mechanisms of organism within physiologic limits.

On the basis of clinical parameters and the change of parameters of the cardiovascular and
respiratory systems during the execution of a standard veloergometric load, the authors developed a
prognostic method of selecting the examinees in groups with a different level of resistance to hypoxia,
conventionally called "strong", "average" and "weak".

The most informative parameters were the heart and breathing rate at exercise climax, the index of
trends, the sum of pulse activity and its recovery. The index of trends in the strong group was higher than in
the weak group by 0.5 points. The sum of pulse activity in the "strong" group in average made 747 + 27.4
strokes per a minute, where in the "weak" group it was 1001 + 6.9 strokes per a minute, the pulse sum of
recovery in the same groups - 679+ 22.9 and 831+ 27.9 strokes per a minute accordingly. For persons
attributed to the "weak" group a large surplus of heart and breathing rate was marked in execution time of
exercises. To the important indications permitting the subdivision of the examinees into groups, apart from
physiologic parameters, the authors also attribute clinical manifestations arising during standard exercises
(the 2nd tone accent, it's splitting at the pulmonary arteries etc. The criteria for placing someone in a "weak"
group include: a low vital capacity of lungs (less than 3000 ml), the volume of forced inhalation - attributed
VFI (less than 1000 ml), tests of Tiffio (less than 70%), heart rate (more than 75 strokes per a minute),
breathing rate (more than 28 strokes per a minute), the test of Shtanger (less than 45 sec.), the test of Genchi
(less than 25 sec.).

The analysis of electro cardiograms made at sea level and in the mountains, shows that the changes
in electrocardiograms were registered the most frequently in the weak group.

Emergence of disadaptive phenomena during the performance of physical exercises in the mountains
in individuals with minor changes of electrocardiograms at sea level points out to the necessity of more
careful selection of people to work in high altitude conditions. Registration of electrocardiograms is
mandatory for all those being inspected and for this, implementation of various probes (hypoxic ones, tests
with physical load, etc.) during electrocardiogram is deemed quite useful.

The range of organism's capabilities or its physiologic reserves is revealed also through various
functional probes (probes of Shtanger, Genchi, Valsalva, etc.; probe with breathing of hypoxic gas mixture
and re-respiration probe), [A.G. Dembo et al., 1975; V.P. Zagryadski and Z.K. Sulimo-Samuillo, 1976;
P.V. Buyanov and P.V. Pisarenko, 1977; A.B. Gandelsman et al., 1984; V.V. Goranchuk et. al., 1997, K.S.
Drugova, 1997]. Implementation of these probes is much simpler in comparison with testing in pressure
chambers, and it does not require expensive and unique equipment, and can provide their application in
field trips. Probes of straining under impaled breathing and re-respiration characterize the compensatory
processes on the part of the respiratory system and blood circulation, the ability of an organism to maintain
the acid-alkali balance and the reserve capabilities of an organism [G.M. Pokalev, 1976].

One of such test which has been widely used in aviation and space medicine, is the so called "Flack's
test" and some other modifications of Valsalva's probe [P.I. Egorov, 1925; V.E. Danilov, 1948; G.
Armstrong, 1954; M.M. Link et al., 1975; L.G. Maksimov et al., 1975]. They are widely used for
diagnosing of cardiovascular diseases in various fields of medicine and human applied physiology.

A breathing test with straining was offered by the Italian scientist Antonio Maria Valsalva (1666-
1723) in 1704 for use in diagnosing ear diseases [A.M. Valsalva, 1717]. In the first half of the 20th century
Flack, and then also Burger, modified Valsalva's test and developed a new technique for estimating the
functional state of the cardiovascular system on the basis of that test.

In 1917 Martin Flack, a lieutenant colonel of British Air Force, while studying the influence of
straining using Valsalva's experiment on the human organism, measured the heart rate right before the
probe and every five seconds during the straining. Applying this method for selection of candidates to
military aviation, the author used the manometric systems for dosed straining force, connected to a
mouthpiece, in which the examinee executed an exhalation. The test consists of the examinee making a
deep inhalation and then an exhalation in the mouthpiece for pressure maintenance in the pressure gauge
equal to 40 mm of the mercury pole. The examinee should continue the dosed straining «till refusab>.

The author considered it as a good indication, when at this time a cordial rhythm would speed up just
moderately or remain unchanged, and straining would proceed, at least for 50 seconds. He considered
slowed down or noticeably speeded up cordial activity and also, increase of blood pressure, as indications
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of shortage of blood circulation functions [M. Flack and B.S. Oxon, 1921; M. Flack and B.S. Burton,
1922].

More than a half-century ago, Anderson, G. [citation by P.I. Egorov, 1925] wrote that the Flack's test
with straining was a valuable method to use to find out the condition of the lungs, heart, and brains of good
and poor pilots; thus, "eligibility models" for air flights could be established. Anderson's research showed
that, those pilots, who suffered at high altitudes, couldn't hold back breathing unlike those, who were not
influenced by altitude.

Afterwards, a program of tests for medical examination of the pilots was confirmed at the Ministry
of Aviation of Britain. One of the tests has been used up until present time and is the one with a 4 millimeter
U-tube with mercury (Flack's test). According to Dawson, P.M. [1943] the original modification of the test
with straining had been very successfully used to determine functional conditions of British Air Force
pilots, and proved itself as the most reliable test. However, some authors in their researches have obtained
the results which denied the significance of Flack's test as one determining physical eligibility in aviation
[A.W. Lapin, 1943; T.J. Powell and F.A. Sunahara, 1958; M. Vlasak, 1963]. Obviously, differences in
methodology related to the dosage and the time of straining may have made the above-mentioned
researchers have a negative opinion about the use of Flack's test in a pilot examination.

Confirmation of the suitability of Flack's test, as an indicator of the emotional and physical
characteristics of candidates for flight, was given in 1944 by Anon [quotation on T.J. Powell and F.A.
Sunahara, 1958] after examination of 9573 pilots of Canadian Air Force, when the author obtained a large
percent (57,6%) of the coincidence by test's results. Then the efficiency of the respiratory test with straining
was proved for selection of the astronauts and aviators in the USA [N.M. Link et al., 1975]. In the opinion
of the authors, except for an evaluation of the reflex regulation of vascular systems, the test is of interest for
revealing the violations of a cordial rhythm by the data of an electrocardiogram and arterial pressure.

In particular, Asiamolov, B.F. et al. [1979], studying the resistance of the human to strain on "head-
pelvis", have determined the exact correlation between the expressed violation of a cordial rhythm during
the execution by the examinees of Valsalva's test and the endurance of strains. In their work, the prognostic
value of the performed test is accentuated, as the expressed violations of a cordial rhythm revealed by the
Valsalva's probe, were observed in individuals with reduced resistance to strains. The dosed probe with
straining became highly useful under the evaluation of compensatory reactions of the human cardiovascular
system [L.G. Maksimov et al., 1975]. The original prognostic criteria, as the authors consider, may be the
biggest deflections of the investigated indicators during the execution of the test (Amax), after test
(Amax"), and also sum of these deflections (Amax + Amax"). Thus, for example, under the violations of
heart activity regulation the systolic pressure is increasing considerably immediately after the execution of
test and in a period of recovery. Under the normal state of heart activity the changes of arterial pressure
(AP) are insignificant [V.P. Zagryadski and Z.K. Sulimo-Samuillo, 1976].

From the changes of systolic and diastolic pressures before and after the execution of the test
Zagryadski, B.D. and Sulimo-Samuillo, Z.K. [1976] have offered an informative parameter (PQR -
parameter of quality of a reaction), permitting us to evaluate the response of the cardiovascular system to an
additional stimulating effect.

The authors consider that if the meaning of PQR exceeds 0.10-0.25, then the cardiovascular system
of the examinee is in a condition of stress. At the degree of increase of the pulse for 5 sec., in relation to an
initial level during the execution of the Flack's test the following three types of reactions are distinguished:

"* No more than 7 strokes - good
"* No more than 9 strokes - satisfactory
"* 10 strokes and more - unsatisfactory

It is also an estimated criteria of the state of cardiovascular system.

Through the research of Sergeev, V.N. [1959] it is established that a limit of allowable displacement
(<<norm>>) under the Valsalva's test (15-20 sec.) using the data of oscillometry are:

a) an increase of diastolic and mean arterial pressure AP no more than 10-15 mm of mercury pole
(Hg);

b) changing of systolic pressure AP (increase or decrease) for 10-20 mm of Hg;
c) decreasing of pulse pressure no more than 15-20 mm of Hg;
d) decrease of oscillometric index no more than 5-8 mm of Hg.

According to the author's data, patients with "pulmonary heart", even in the latent period of violation
of compensation, the increase of diastolic more than 20 mm of Hg is a distinctive sign. During the decrease
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of contractile function of the myocardium, an expressed decrease of pulse pressure (more than 30 mm of Hg)
and oscillometric index is observed.

The functional test of heart by Valsalva/Burger [M. Burger, 1921, 1925] gave the beginning to the
diagnostics of many cardiovascular diseases, and it is recommended to apply the test under latent violations
of hemadynamics and the clarification of character of the functional violations with "pulmonary heart",
myocardiodystrophy, compensated valvular disease of heart, and hypertonic illness of heart of the 1 t degree
[W.C. Little et al., 1985; R.A. Nishimura and A. Jamil Tajik, 1986].

This method was successfully applied under the aortography and coronarography [H. Ludin, 1962],
during a study of the large vein and the "right heart" [P. Amundsen, 1953; A. Celis et al., 1956], and the
kidney's arteries [J.M. Riby, 1965; A.W. Templeton, 1965]. It had been shown that the application of the test
with a simultaneous record of the vector-, ballisto- and electrocardiograms, to a greater degree reflects the
changes in the functional state of heart [I.N. Vasiliev, 1978; A.F. Zarine and E.Y. Gaile, 1982]. Valsalva's
test is often used for study of peripheral hemacirculation and arterial pressure [R.H. Johnson et al., 1969;
B.D. Zabudski and S.V. Gadiatov, 1970; J.L. Reid et al., 1971], vein pressure and tonus [E. Wick and R.
Knebel, 1961], changes in hemadynamics of visceral organs [B. Gforer, 1951], the state of vascular
baroreceptors [J. Szachowski et al., 1968; L. Stejskal, 1969; H.A. Palmero et al., 1981; D.S. Goldstein et al.,
1982; B.Trimarco et al., 1983; K. Shimada et al., 1986; S.A. Smith et al., 1986], the state of
electromyographic activity [P. Tornow and C., Durst 1969] and the dynamics of blood circulation through
the brain [H. Lechner et al., 1968; A.I. Martynov et al., 1968; V.G. Spirin and E.I. Savchenko, 1974].

It is recommended to apply the test or determining the degree of blood circulation deficiency in liver
with rheography [T. Posteli and G.C. Garbini, 1968], as well as for evaluating the functional state of heart of
patients with chronic pulmonary diseases [F.V. Arsentiev et al., 1975; A.A. Penkovich,1966]. The specific
characteristics of heart's response to the Valsalva's test provide an opportunity to get a picture of the
functional state of the vegetative nervous system [R.U. Looga, 1970], the response is one of the indicators of
the effectiveness of sanatorium and climate treatment, especially of the functional therapy results.

Valsalva's test in Burger and Flack's modifications is of significant interest in sports and medical
researches [M. Burger et al., 1929; H. Reindell et al., 1954; G.K. Birzin, 1958; A.G. Dembo et al., 1975;
V.A. Zinochkin, 1985; V.L. Karpman et al., 1988].

It serves as a tool of medical control in physical culture education practice, in solving the problem of
the acceptability of dosing, of static efforts connected with straining, in particular; and has large significance
for the whole range of sports, in which straining is the integral part of sport activity. This includes, for
instance, heavy athletics, shot-put and hammer-throw. Along with these sports, in which the role of exertion
is particularly large, the increase of internal pulmonary and internal abdominal pressure is observed during
wrestling contests, gymnastic exercises and a whole range of other kinds of sports, in which breathing can
also be detained [M. Burger and D. Michel, 1957; A.B. Kozlov et al., 1985]. As studies conducted by
Reidell H. et al., [1954] was shown, Burger's pressure test is especially valuable when combined with X-ray
kymography of the heart for selecting individuals inclined to collapse, during examination of persons
practicing in diving, rock-climbing and weight-lifting.

According to the opinion of Chaillet-Bert P. [1956], it is better to use Flack's "endurance" test in a
combination with Pashone-Martine's test (i.e. an orthostatic test before and after knees-bends performed
during 40 seconds). He supposes that if these tests are sequentially applied one after another, they mutually
supplement each other, characterizing the functional state of the "right heart" in the first case, and the "left
heart" in the second case.

From the studies of functional states of highly qualified sportsmen performing underwater diving,
who performed Valsalva's test before and after the standard veloergometric exercise, it was found that along
with frequency of heart rate, it is worthwhile to use indicators of a cardiac output: systolic volume and blood
volume per minute, for evaluating an endurance test [V.A. Zinochkin, 1985].

Dembo, A.G. and co-authors [1975] recommend conducting such respiratory tests strictly in a
combination with oxyhematometry to control changes in oxygenation of the arterial blood, because the
maximum detention of breathing sometimes results in a significant fall of HbOO in blood. These data
confirm studies of other authors which revealed that oxyhematometric indicators can be an adequate
reflection of compensatory capabilities of the respiratory and heart vascular systems [E.M. Kreps, 1959;
N.V. Belyaeva, 1967], and the oxyhematometric method itself can be useful for understanding of hypoxic
effects [N.A. Saunders et al., 1976; R.J. Smyth et al., 1986].
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The results of the conducted research give us a basis to consider that it is worthwhile to conduct
Flack's test with simultaneous registration of the oxyhematometric indicators that allow us to more fully
determine the functional state of the human both in rest, and after the physical efforts.

At the same time, special attention should be paid to the separate prognostic approaches to the
analysis of testing results with the purpose of selecting the persons suitable for the pilots' profession, for
determination of training level of sportsmen, etc. This also could be used for an evaluation of the functional
state of people in conditions of mountain hypoxia. As Armstrong, G. [1954] has noted, in an analysis of the
test's results for selecting people suitable for the pilots' profession, it is necessary to take into account that in
a healthy person the heart rate remains practically constant, or increases within the limits of 72-96 strokes
per minute, depending on duration of straining (usually 50-60 sec.). If the pulse becomes much more
frequent, for example, within the limits of 72-132 or 144 strokes per minute, then the results of the test are
considered unsatisfactory. By results of such test it is possible to judge both about steadiness of nervous
centers managing the breathing and blood circulation, and about the potential degree of endurance of this
person. Applying so-called dosed tests when, for diagnostic purposes, the time of straining is limited from
20 up to 50 sec., some authors have detected that in normal conditions the increasing of pulse frequency, in
comparison with the basic data, proceeds for approximately 15-20 sec., and then the frequency of heart rates
is stabilized [V.L. Karpman et al., 1988]. With an insufficient quality of regulation of the heart's activity in
individuals with an increased reactivity, the frequency of heart palpitations can be increased during the test.
If the initial increase of pulse is replaced by its consequent decrease, that is an indication of a negative
response to the test. On the other hand, for well-trained sportsmen the response to the increase of internal
pulmonary pressure is expressed only insignificantly. So, the increase of pulse frequency for each 5 sec. at
1-2 strokes, in relation to basic data, is evaluated as an excellent response to the straining. Along with that,
the duration of straining is 45-55 sec. If the acceleration of pulse achieves 3-4 strokes for each 5 sec. of
straining, then the response is evaluated as "good". The higher speed of pulse (5-7 strokes) is satisfactory for
sportsmen, and for untrained people is indicative of a good physical state of the organism.

According to the data of Zinochkin, V.A. [1985], for individuals with reduced physical efficiency,
the apparent tachycardia is marked during a Valsalva's test, even prior to the initiation of exertion.

When evaluating the state of the heart muscle by the reaction of maximum arterial pressure to a
pressure sample, Burger [M. Burger, 1956] has considered three types of reactions. The normal type of
reaction is that the systolic pressure almost never changes during the straining. The increase of arterial blood
pressure during straining and the restoration to an initial value in 20-30 seconds after the experiment is
stopped (the second type) is typical for trained sportsmen. A negative reaction to the sample (the third type
of reaction) is expressed by a significant decrease of AP during straining.

According to the opinion of Burger, M., the increase of the arterial pressure during the test is
connected with the fact that the trained heart is capable of pushing large volumes of blood through narrowed
lung capillaries. For an untrained heart, this ability is less, owing to how the blood pressure falls in
comparison with the initial test [M. Burger, 1925, 1926]. With an "astenic" heart a severe fall in the blood
pressure takes place, which can result in collapse, as the regulation of the tone of the vessels is broken. As
the research of Reindell, H. et al. [1954] have shown that this test is especially valuable for revealing
sportsmen most inclined to collapses.

Trimarco, B. et al. [1983] recommend the use of an analysis of changes in cardiorhythm and systolic
pressure in the end of straining during Valsalva's test for estimating the individual state of the examinees. In
their opinion, the greatest deviation of heart rate and the least increase of systolic pressure in this period, by
comparison with norm, are an attribute of hypertension in the surveyed persons.

The functional meaning of the test is explained by the fact that strong contraction of the exhalating
respiratory muscles with closed upper respiratory ducts (i.e. a glottis or a mouth and a nose) results in
increase of pressure inside the lungs, to the stagnation of the veins, and to an increasing resistance to the
blood flow in the vessels in the small circle of blood circulation. Due to this, there is a decrease of the
systolic volume of blood circulation [R.U. Looga, 1970; V.G. Spirin and E.I. Savchenko, 1974; I.N.
Vasiliev, 1978; V.L. Karpman et al., 1988]. The decrease of blood circulation volume per minute is
accompanied by a change in the tone of the vessels, infringement of blood circulation to the brain, and a
change in the quality of the regulation of heart activity.

Straining with a closed mouth and nose leads not only to an increase of internal pulmonary pressure
and reorganizations connected with it in the system of cardiopulmonary blood circulation, but also to
alveolar hypoxia [A.A. Penkovich, 1966] and to cerebral hypoxia [R.W. Alman and J.F. Fazekas, 1962; J.S.
Meyer et al., 1966] as a result of the infringement of blood flow. The last effect, according to the data of the
authors, in its turn, caused, on one hand, by the fall of volume of blood per minute, and on the other hand -
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by the constriction of blood vessels in the brain, and lung capillaries. As with Valsalva's test, the pressure of
COO in the arterial bloods falls. The data of Duke, H.N. [1954], Bergofsky, E.H. et al. [1968], Viles, P.H.
and Shepherd, J.T. [1968], Hauge, A. [1969], and Bergofsky, E.H. [1969] specify that fact, the development
of alveolar hypoxia is exactly one of necessary components of a pressure reaction of an organism.

From the above stated evidence it follows that respiratory tests with straining, such as Valsalva's test
and its modifications, along with the above-described effects to the cardiopulmonary blood circulation, have
expressed hypoxic influence on the human organism. The development of alveolar hypoxia and cerebral
hypoxia, as the consequence of infringements of blood supply, causes an immediate compensatory-pressure
reaction of the cardiovascular system which is displayed in increased frequency of heart reductions and
arterial pressure [R.U. Looga, 1970, 1973]. According to the data of Strohl, K.P. et al. [1984], from the
degree of compensation of hypoxic stress by the cardiovascular system, when a person is undergoing a
respiratory test, one can get an idea about the resistance level of any individual to oxygen deficiency.

The effectiveness of Valsalva's test, used as a hypoxic functional test, is explained by the following:
the straining, when parts of the upper respiratory ducts of a human are closed during testing, results in static
tension of the lung vessels, vein stagnation and changes in heart regulation [P.E. Paulev et al., 1988). This is
well known as "the reflectory preservation of oxygen" phenomenon, which greatly depends upon the
continuous supply of oxygenated blood in the organism [R. Elsner and P.F. Scholander, 1965].
Consequently, the extended utilization of oxygen reserves by organs specifically initiates such extreme
situations as cerebral and alveolar hypoxia.

11. The Dosed Flack test as a method of diagnostic control of the human functional state
in the extreme environmental conditions of high altitudes.

The Valsalva maneuver, and its modified versions (Burger probe, Flack test, etc.) as was mentioned
above have widely been used for a diagnostic estimation of cardiovascular function in different areas of
public medicine and applied human physiology. In mountain conditions we used a dosed version of Flack
test with 50 sec.' duration of strain. According to the results of our studies [V.P. Mahnovsky et al., 1984,
1985, 1986, 1988, 1989], applied to 820 young and healthy military servicemen during adaptation to
different altitudes of Tien-Shan and Pamir (800, 1800, 2800, 3600 and 3800 meters), there are some solid
preconditions for applying this modification of Flack test to high altitude medico-biological studies in order
to estimate the functional state of a human during adaptation to hypoxia. We have found that application of
a dosed Flack test is an effective method of estimating the functional state of the human cardiovascular
system, particularly of its adaptive potential and regulative functions in conditions of short-term as well as
long-term effects of high altitude hypoxia. Table# 1 includes short descriptions of the main areas and
directions of using the versions of the Valsalva maneuver.

Basing on the dosed Flack test, we have developed and implemented an express-method of
prognostic estimation of the human organism's resistance capacity to the effect of the hypoxic factor into
military medicine practice (implementation actions: register No1 71944 dated 12.01.86 and register No. 85
dated 16.01.98). This method has demonstrated a high effectiveness both for operative medical control of
functional state of vital human systems under the influence of stress factors of environment and activities,
and for evaluation of general adaptability of organism and the prognosis of acquired adaptability. The great
significance of using the dosed Flack test as a prognosis probe was determined by mass selection of military
servicemen for high altitude service. Clinical observations performed during acute period of adaptation of
selected individuals to altitude of 3600 meters demonstrated an 80%-level of verification of the results of
this prognosis [V.P. Makhnovski and R.V. Bolshedvorov, 1986]. Exemption of people with low resistance
to hypoxia (by the results of preliminary selection) from military service in mountain regions of Tien-Shan
and Pamirs has allowed researches to bring down the morbidity among frontier-guards at high altitude
frontier posts by more than 18%; to reduce the number of severe high altitude disadaptations from 70-75 to
35 cases per year; and practically to avoid lethal consequences of severe mountain disease (document
No181350 dated 20.01.87).

Therefore, the studied and approved procedures of prognostic estimation and selection mentioned
above can be assumed as a basis of a suggested method to control or correct the human functional state in
high altitude conditions.

Below we describe our method with necessary procedures on control of the human functional state in
the extreme environmental conditions of high altitudes.
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Description of the Method

The method includes pre- and high-mountain phases of measures using the dosed Flack test (DFT)
described below:

Pre-mountain phase
Selection: using the DFT with the criteria of Table #2 to identify an individual level of hypoxic

resistance, i.e. high hypoxic resistance (HHR), average hypoxic resistance (AHR) and low hypoxic resistance
(LHR).

High-mountain phase
Control: using the DFT with the criteria of Table #2 to identify, in proper time, the cases of illnesses

due to disadaptive disorders in the AHR and HHR persons.
The Dosed Flack Test:
For the test, a person is asked to take a deep breath and then slowly breath out the air into a tube

connected with a manometer, in order to lift up and maintain a level of airway pressure of 40 mm of Hg for
50 seconds against a closed mouth and a nose. The electrocardiogram and arterial oxygen saturation are
monitored before, during, and after (for 3 min.) the straining. Arterial pressure is measured before, at the end
(i.e. at 45-50 sec.), and after (i.e. at 1, 2 and 3 min.) the straining. The integral rheocardiogram is monitored
before and after the straining.

The Selection Procedure:
To determine a level of individual hypoxic resistance of a person, it is necessary to conduct a

comparative analysis of the DFT results with the use of the value's range of critical physiologic indicators
and coefficients and with due regard to the "weight" (significance) of the integral coefficients devised on the
basis of our investigations [V.P. Makhnovski, 1991] as mentioned in Table #2. The highest number of
coincidences for the measured values of the person's physiologic indicators with the table's data (in the 1st
step of the analysis) and the final confirmation of it by the integral coefficients (in the 2nd step of the
analysis) allow the division of the subjects into 3 groups, according to their hypoxic resistance type (HHR,
AHR and LHR) and so to select the necessary contingent for work at high altitude conditions.

Data Treatment:
Heart rate (HR): HR is calculated on the basis of the electrocardiogram.
Systolic and diastolic pressures is measured by sphygmomanometry.
Mean arterial blood pressure: from the systolic and diastolic arterial pressures, the MAP is

calculated as the sum of 1/3 of the pulse pressure and the diastolic pressure.
Types of cardiovascular self-regulation are determined by the express-method of integral evaluation

of blood circulation [Arinchin N.I., 1978] on the basis of calculation and percent comparison of the
following cardiovascular indexes: (1) fact and proper means of cardiac index (CI = cardiac output/body
weight) and (2) fact and proper means of index of total peripheral resistance (TPR = (1333 x 60 x MAP)/Cl):

C = 100% x fact Cl/proper CI,"

P = lO0%x fact TPR /proper TPR

If in the post-test period there is C > P - a prevalence of cardiac type reactivity of self-regulation; and
if there is C < P - a prevalence of vascular type reactivity of self-regulation.

Type of vegetal reactivity: determination of type of vegetal reactivity during the DFT is made on the
basis of comparison of indicators of heart rate (HRc - control, HRt - in the end of testing) and arterial
pressure (AmAPO - control amplitude, AmAPt- amplitude in the end of testing) by Grotte's formula
[A.V.Vein et al., 1981].

A = 100% x (A.mAPt- AmAPo) /AmAPo;

B = 100% x (HRt- HRo)/HRo
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In norm there is A > B, and the regulation is basically conducted by means of arterial pressure, but
not by heart rate's changes. If means of A and B increase significantly during DFT there is a prevalence of
symphatetic type of vegetal reactivity.

Oxyhemametric indexes: On the basis of a degree of oxygen saturation (HbO2%) changes in arterial
blood accordingly the phases of oxyhemagraphic curve [Tichvinsky S.B., 1960] which characterizes the
separate time periods of HbO2% during the DTF a rate of reducing oxygen saturation (VHbO2%), an
economizing efficiency of oxygen utilization (E) and a compensatory reactivity rate (CRR) are calculated
according the following formulas [V.P.Mahnovsky, E.I.Kuzuta, 1989]:

VHbo0• = A Hb02% /At,;

E = 0,02 x tAB

E F

CRR = f VHbo2% At / f VHbo2% At
D E

These indexes characterize indirectly rate of oxidative processes in blood and its compensatory
functions.

Integral evaluation of physiological reserve and quality of the DFT individual tolerance are made on
the basis of our designed and verified [V.P.Mahnovsky, 1991] the following coefficients: test's tolerance
coefficient (TTC) and functional reserve coefficient (FRC). These coefficients are our modification of an
indicator of biosystem adaptability of prof. Melnikov N.P. [1977]. Calculation of the coefficients is based on
integrative comparison of fact means of heart rate, systolic and mean arterial pressures (for TTC) or diapasons
of its variability (for FRC) which are monitored (1) in rest conditions, (2) in the end of the DFT and (3) in post-
testing period. The coefficients are calculated by the following formulas:

nr =P -P IPc -P Ic
TTC = PPJ tPC

P - absolute mean of monitoring or calculated parameter, Pc - control mean of the parameter, Pt - a mean of
the parameter in the end of strain, Pp - mean of the parameter at 3rd min. of post-testing period, K -
coefficient of Djukov V.G. [1970] which characterizes informative and vital importance of every parameter
in evaluation of organism's adaptable level.

Ki = 1 - (1/M 1)

G - standard deviation and M - average mathematical mean of variation of mentioned parameters for most
majority of healthy people in normal conditions.

If a subject has good level of the DFT tolerance a value of TTC must have a tendency to minimum
mean.

FRC~ nf YjD
i=1 DpiD

D - a dispersion of monitoring or calculated parameter, Dc - a control mean of dispersion of the parameter,
Pt - a dispersion of the parameter in the end of strain, Pp - a dispersion of the parameter at 3rd min. of post-
testing period, K - a coefficient of Djukov V.G. [1970] which characterizes informative and vital
importance of every parameter in evaluation of organism's adaptable level.
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A value of FRC is in direct dependence from diapason of the monitoring indicators variability,
especially during the DFT and post-testing period. When a human organism is reaching an adaptable state
the value of FRC must have a tendency to maximum mean, so as the physiological indicators in period of
functional exercise get new diapason of its variability which increases mainly and also continues as "a
marking reaction" to save in post-testing period on the same level (i.e. Dp = Dt).

Note: a difference of indicators means in these formulas is absolute.
The Control Procedure:
The DFT should be conducted periodically, especially on the third, seventh, fifteenth and twenty

fifth days of high altitude adaptation, to find out the disadaptive disorders in the AHR and HHR persons.

Thus, by using the method mentioned above, two important goals could be achieved: the control of
human cardiovascular functional activity in high altitude conditions and reducing the cases of mountain
illness.
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